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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve productivity of 
a highly safe nonaqueous secondary battery provided 
with a high discharge voltage and an excellent charge- 
discharge cycle characteristic by forming a specific 
protecting layer on a negative electrode and/or a 
positive electrode. 

SOLUTION: A nonaqueous secondary battery is 
constructed of a positive electrode and a negative 
electrode, which contain materials plastically storing/ 
releasing lithium, a nonaqueous electrolyte^containing - 
lithium salt, and a separator, and in the negative 
electrode and/or the positive electrode, at least one 
protecting layer formed of solid particles and a water 
soluble polymer is formed. In the protecting layer, 
conductive particles may be contained in addition to the 
solid particles and the water soluble polymer. The 
thickness of the protecting layer is 1-4Qum desirably. An 
inorganic chalcogenide particle is feasible for the solid 
particle contained in the protecting layer. A polyacrylic 
derivative or a cellulose derivative is feasible for the water soluble polymer. For the conductive 
particle, a carbonceous compound, natural graphite, and vapor phase growth carbon are 
desirable in particular. 
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l. r 2, y=l. 4~3) T**Ct*J»SbV»...Qt 
I/Ttt»*16WH:A 1 , Ga, In, Ge, Sn, 
Pb, Sb, Bi, Si, P, B&c!:£*g-&bTfcct 
t>. S-&SttS^JRCMbT0~3 0^X#»iU 

[0 0 3 6] *^TJffl^6n^^eiC«(F*b^U^'? 
A^&SS,fl^IE@«*«<tbTte, L ix Co 
O2 , LixNi02, Li x Mn02, Li x Co a 
N i i- a 02 , LijCOb Vi-b O z , L i x C Ob 
Fei-b02. Li x Mn2 04, LixMn c Co 
2-c O4 , L i x M n c N i 2-c Cm , Li x Mn c V 
2-cO z , L i x Mn c F en O4 , LixCobB 

1- b O2 , L i x C bb S i i-b O2 , L i x Mn2 O 
4 tMn0 2 ©I^«l. Li2xMn03 iMn0 2 ff)I 
-g-^l. LixMn2 04, L i 2xM n O3 t M n O2 © 
U&Vi (eiCTx = 0. 2~1. 2, a = 0. 1-0. 
9, b=0. 8 — 0. 98, c = l. 6—1. 96, z 

= 2. 0 i~5) £<&tfe>n5o *^^Tffl^e.n^$ 

*>\Zft * b^ U A^W&S&ftt&IEffiffi^ft £ bT 
«, LixCo02, L i « N i O2 . LixMn 
O2 , L i x C o a N i i-a02 , LixCobVi-b 
O z . L i x C o b F e i-b O2 , L i x M m O4, 
L i x Mn c C 02-c O4 , LixMn c Ni 

2- c O4 , L i x Mn c V 2 -c0 4 , LixMn c Fe 
2-c O4 (CCTx = 0. 7-1. 2, a = 0. 1- 
0. 9, b=0. 8-0. 98, c = 1 . 6 — 1. 9 
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6. z = 2. oi~2. 3) atfetfen-So *5S^-effl 

fi^jKibTte, Li,CoOi> LixNiOj. L 
i x Mn02> Li x Co a Nii-a02, LixMn 

2O4. LuCobVi-bOj (uCtx = 0. 7- 
1. 2. a = 0. 1~0. 9> b = 0. 9~0. 98, 
z = 2. 02-2. 3) atfctf'SftSo uCt, ±IE© 

•So 

[o 0 3 7] lEmmmmt, ^^o^it^mtm^mio 
e»n-5^ias«. #fg^ffl<^ft£S^£ftfc{b-& 

5 0-2 0 0 OWffSK- 5 0-1 5 0 OX: 

tw^v^o m&\zfovx\<-3.2 5 0-9 0 owum-r 

b<> HtC»Sb<tt2~2 OPtP^Tfe^o @m 

©^ffitt&STfcfi5re*><fc^o Sfc, &J&&K20 

O-C-9 0 0'C-C7--;i'b"Ct>«t^o tt^XHH«20 

7;l^>> a.U^a, i7'J^K>. *-fe/>. - 

[0 0 3 8] *56^©jESS«lJl©^J*KllR^» 
JSRflSfcrfcHtS 6 *! iC'JWA'f^^ A"T 

S^^KS'fbVl £ £ * * £ £ <t 0 

*^TfflV^aE«BfS^K©¥^ : f^'f X30 

ttWKllRjeStl&W* 1 * 0. l~5 0/im*«jff$l/K 

0 1 - 5 0 raV g *»# £ b V>, £fc!Effiflr&fS 5 g £31 
«*1 0 0ml C**l/fc»®±l*«OpHtI/Ttt 
7&U1 2KT****^V». UfjEOlH^-fXfc-rSK 

ra. ft<»&ftfcw«*#»«a*ffl^&ft*. 

Tift& b fcgMgffl b T t> <t v». 
[0 0 3 9] 3fc359ifcJBV>&ft5£g#&iIEffiS i 8lS5 
tO)®.fr&tH£te. #£b<tt— «SC (1) T^StlS 
il&mt.'L i 5 Co02, LixNiOa, L i x C o 
a N i h O2 . L i s Mn02> LUM112O4. 
SfcliLi^CobVi-bOj (ddTx=0. 7- 
1. 2, a = 0. 1-0. 9, b= 0. 9-0. 98, 
z = 2. 02-2. 3) ©&<&--&fc>-trC;£>D. iS^K® 
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[0 0 4 0] #^©A@#^^U^AjfA©SS 

m&ttmz. 0. 5~2^©#^*^vtTffl^«)Ct^ 

*m© >J ^-^ AKta^Stc-&^-&TIEgg!KlM©^fflS 
0. 5~2f&»^Sr*HtTfflUSC£*i»Sb 

[0 0 4 1] ^i^K iE@W^© , J^^A«Jp®* i e.ftSB 
ICJ^A£ifAbT*5<»-gi. 'Jf^AWMIfcbt 
tt» iJ^A&S> U^f A^k (A 1, Al-Mn, 
A 1 -Mg, Al-Sn. Al-In. Al-CdtU 
3^A©£&) ©fg^&Rtfr^'Jffl-rS©* 1 *?^^. 

l^m^JCftBS-erTfeSli. «K*, 2 0/imfS© 
If l^t>©££!— I'ft-^bTfe^^b. .fcDJpH'bOfcSB 

ftgllClf A£ftSSA> C £#£ii*5o 

[0 0 4 2] i&sai^a^&i^-f 7- 

m«S£T-t^b>> r 7^^©#ffl* t £< fC»£bVi„ 
©^in*«, l~5 0M*Wf*l/<.»C2~3 0 
SS%*t»Sb^. *-#>^JR»Ttt. 2-1 5MS 

[0 0 4 3] IHffltTtt. TArJSA*, #U t-^ 

> ^_^ij- 7 - (EPDM) , X^>"ftEPDM, 7. 

#Ux^b>^+->l*^^©^«^ rf 
A#142r*-r -5 * U V-fe £* 1 fc« d ft ©®"& 
HibTfflWSn*. £«g©<fc3K:U3 L »?A£ 

^.ti, -f V->7*- h*©«t5&ft:-& ! fe**JnL'"C-€-© 
mt6S*^SS-ti-'2)ilt*t« : £b^. -?-©^»?t"J©^in 
fi«, l~5 0iI%«l/<. #C2~3 01I% 
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~3 oafi%ai»£bv>. 

[0 0 4 4] ^SB^©**!^***-^**^-*^ 
^-Xh©pH*i5£U:10*i, ££l::(46£U: 

[0 0 4 5] tAU-^-tl/t(l *Stt-f:i->jSa 

&©&KI©ll«il&tt9 CCJULtl 8 OtttT, «fcD» 
SU<»41 1 onCKil 7 0"CKTT?»*. gtfS©fED 20 

n^-t"»n^T, *i§?£t40. 0 5(tmA^3 0/im'7 
fc'O', 0. l/imi)i62 0(im«U>. IC 1# 

urn. ^m*©ffo*K:ft#-r*. c:n6©BWw© 

UfcSJfcJts-rfcfeSaBW* 2 0 9 0 %T<& 0 . 

3 5X**&8 0%a*#*bVV, 

[0 0 4 6] *5§^©-t^U—^-«^ 5/ima±l 0 30 
O^mKT. J; D » $ b < U 1 0 /i mK± 8 0 /i m^T 

©ia£-5U4©7-f if§w&. ^*$ft&£©*in?&5. 

*^©"k;tU-^-«. X:Pl/>j&#£'>fc<£t>2 
0Sfi%-^tJ : £>©AW*b<> »KJIM;L-H©tt3 0% 
^±-^tIfe©t?fe^o I?l/>^©^ibTB, ^ 

hf u >*m-&# U V-4>X^ U- >- ^"t- 'J "7 4C 

-fr'E.fcS &©**»£ LA>o ^6fC, 7jKUX5 L l/><t* 

u^"atri/>. 7^ux5 L u>t#u Ayy^x.j-vyt 

#s©Ha*0. 1 (imid^ 5 /imt?. ^'Jlfl^X X5 1 
atfi>>, sJ^U 4 7yftX?U>iil$i*fr6te£*>©a l 
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?l©gBgiafifc £ £^xjfc 2 aEA±©St#-7L y -< 
fc©*i#C»*Ul/i. *3Wi<©-feAtU-$'-tt. 

[0 0 4 7] tiSStbttt, t«i§libT, ^at 
— K t-^05*H>' 1. 2--^^h^->x^ 

>, v»^^x;P7*^->i*. 1. 3-yttv?>. 

7th-h!JJK xho^^>. «S^^^;i/. ^K^?" 
;k yafcr^S?*?^ 7"oW>l!i?-Jk U >SS 
MJxXfJK MJ;*N*->**>> -7ttV7>M 

Ac x;p*^>, 3-^^;p-2-^-+-9- < /'J> > />. 
Sfr. sjx^jux— l. 3-p r a;^>u--iuh>fe 

C 1 0 4 . LiBF 4 » LiPF 6 . LiCF 3 S 

03 . L i CF3 CO2 . L i AsFe> L i S b- 

f 6> Li Bioc 1 10. ^mmmrnu^ym^^ 

A, LiAlCU, LiCl. LiBr, Lil, V 

nn#7>Uf'?A< my x—frTivy&VT-y 

* h+>-x^>'*5ctt;/$>^<'^4v s X^?J-#^-H 
©*g-&&ICL i C F3 S O3 , L i C 1 O4 > L i B F 

4 *5<fctf/&3^teL iPF 6 *"&tJ«fifflS* J »*L' 
H 6 x?U>7J#-htv > X^;i/*-#^-N©?laflS 

cl i b f 4 *5«tt;/fe-5u«L i p f 6 zstsnmfe 

mm»^>mm\t, mmm 1 d h^^fc o o . 2 ~ 3 ^ 
[0048] s^. mfiisKofific^ceiftHfrmsist) 

ft]^tlT^-5. ^^Tfe, L i 3 N. Li I . L i 5 N 
I 2 . L i 3 N — L i I-Li OH, L i S i O4 . L 
i S i O4 — L i I-Li OH. x L i 3 P O4 - (1 
-x) Li 4 Si04- L i 2 S i S3 » fiitffc'J ><fr& 

0 y**v^ \ ^ m&&fr&.wim#*'^;&# , ■)^*-* 
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[0049] t^i/-?-ti/m ^->Sia 

m£©$«fc>5£«£81^ *6&tt©?§BI#/H 

v>e>ftst6Ba j ffl^ | b*i-5<> °- oi~iom 

/-Jl/T5>, gttfx-5Ml/. Ifk>^75X n- 

^-)\,i?7)\,3r)v?--j-)v. mm? y^—o #u 
;k a l c is-. *«tt#U.-7 

;p^;i/7*u>, xgttt©Hl&75>. ^-ow 

62-287, 580) * BHJ&*X*X?A^ 30 
[0 0 5 0] Sfc, mtffcS'flBttK-ra&fcK^n 

eta*"?**. ioiE-f*>*«tt 

[0 0 5 1] £*«©*«#£ bTtt. «U&;*nfc«?t&40 
K *5 lr» T-ft^-ft; £ S C 2 & V >Vf ft* #T & fttfH T 

r-yyjk 7^5x>}A. Ki&i:©ffif:7;i' 
^>&£^te&£&32^fcfc©#ffi^£tl5<, # 
^. WfttbTX^UXST X«y^;k 
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7*-fJl'©te. ->-K 
~5 0 0 Mm©t>©J&lfflV*&*l3. 

[0052] m&oj&vuz^'f K -> 

(n-h) . lot. BEissnT. iicffl^en^o mft 

<h#T£3„ ^©te^-CfcTTV-Fft. ^-'f^feRt/X 
Om/^©5S«T^iS^n-5Ci:* I »^L'(' i o C©^. 

■&«©»»»«. ft*ttc:'&t>*T. ±efttf#ft*a 

Dft^en^Ai, M-S©^g©JP*tt, H7-r«©ff 
ag^nfc^T, 1 ~2 0 0 0 MmAi#C»SbVi<, 
[0 0 5 3] h-^v-— N©ftJ»XttJW*^tetL/ 

So Wc, MA, S*^> 

V>„ S««8 0~3 5 0'C©«5H* 1 »*b<> #«'10 

o~2 5 o , c©saffl* i »*b(/i. -^7ks«. m&±t£v 

2 0 0 0 p pmWffSK. lEffi^^ flffi"^^ 
mMMT-m-tl^tlB 0 0 p pm^Tl'-f'S^t^lt-l' 
^;Ht©^Tff^b^o h©^W-Xj* 

»r». ^1^XJE«. 1*KRjESn&«r>A», 0. 2-3 t/ 

0. 1~5 0m/^ifiF*U<. 7"l/XiaaHfS~2 
OO'CAifftl/K IE«->— h('MT^>ftS->-hifi© 
it«. 0. 9-1. 1*W*U<. 0. 9 5-1. 07&t 
bv>„ l®g^e<bft@*t^©^*filt«^ AS 

a*, $fi, it-f^;nt> ^^tt©^^*ja^<i(-^ 

3 [0 0 5 4] K^->-^tnU-^-^l/Tlfe 
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B5, ££#£t*Dffi£bTJB^£ -5. 2c£# 

©<1&, ft#j&*5»SftT^S«*©££* ; f : £«*. , 3** 

fecfc^. i&5fe«#flt£bT, «*l*3ffi©±#f-ck 

tajibTte, Li 2 C0 3 , LiHC0 3 , Na 2 CO 
3 , NaHCOs- CaC03> Mg CO3 &t*©p?S? 
&fc £ £#tf 3 £ t Hfi W*^»o 
[0 0 5 5] te*»'J-l*tRtt. ««ei*ttfc*O&JR*20 

if da. ; tU^>. 8t TJPS-'JAftf©^ 

sutitTtr*. »ofl->-;HMS. 7X7r)H^&^ 

[0 0 5 6] *R«©2Mc=UMK6©IB3fcKtt. WKR 
5£$*lfc^a*, #5 30 

-?-^±)\>. Iff77 7^X. st^-, *«:/y 
, ^y^t^fl/t. fcf^A— fc*— . ?Sft 
fHi, A>f-f-?'J-t- ^^CD. 3r 

F, f-7l/3-^-. A*'y77y7t 40 

ut, mift*M, t>— , HB9is§ft. §c*, 

y-A«». p-Ha>r-f>3t- T<d>, l» 
ft, xho#, *^7, (^-X* — #— . *S 

[0 0 5 7] 
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[0 0 5 8] £t£0ij- 1 

-m<t® 13. 5 g , =Bfls£B 3 . 6 g . mfcrrif* 
-><7A0. 64g, KYkH3*0. 6 9g*(£SCS^ 
b, 7;P5^-©SO«JCAn, 7^^>*B»T1 5*C 
/#T1 0 0 OtSTMl/fc. 1 2 0 0-C-ClONFra 

&f£bfc&, 1 or/^-e^atc^T^tab, &&&& 
omomt-T, cn*B»»u *6i:-7x7 

$&6¥=b, T^t§4. 5 /im©S n S i 0. 6 Mgo.2 B 
0.2 Oz 7 Mt£«l-A) ftfcfc. CuKa|& 
*fflV»fcX«08fttfcfeV>T2 9IT2 8° tfj&C]Rjft 

4 0° &L±7 0° KTCtt*Sfttt©ia»fl»«*6tlft:*» 
•Pit. 

[0059] -€-n-enib#Sffe«©B» 

Jftj£. «&#b, TE©<fr&»fc#;fc. SnS i 
o.8Mgo.2 028 (1— B) , SnS 1 0.6 Al 0.2 
Mgo.2 0 2 .7 (1 -C), SnS io.6Po.2Mg 
0.2 O2.9 (1 — D) , S n S i 0.6 A 1 0.1 B0.2 M 
go.i O2.75 (1 -E) . SnSio.5 P0.1 B0.1 M 
go.3 O2.7 (1 - F) o 

[006 0] mmm- 1 



1 T'&fiSibfc'fb-a-^I 1 - AS 



JBV»T, **X*8 811%> |8M-«MSa6Sfi%©S'J-& 
• b , WOB»S( t bt# U 7 v <t fcf U -x >©7K 

57tft^4it%> Aj^*->/f ;ht;pd-x 1 11 
^sfectrjJ^u^C'A ia*%**n^., 7K*««#:tbT 

b, fi@a£feo7co ftffib«, ft@a©±tc. a— A 
I2O3 (¥«5ttSltfm) 9 711%. *Jl/#+->^ 

^;i/-t;PD-x3a*%©i'J'&T*M-a-b, zKStttfrtb 
n^©ft@, a, b^m^tiu>^-^uxmiz^K) 

h, a, bSrf^Sbfc. h©P*-«, 
ftgy-hai57 8um, ftSv-hbAU 0 0 (imT 
fe^fco IEg*f**£bT, L i C0O2 711%, 
8IM-!RII»6a«%, 7t?l/>77 7^3li%. S 

3 aa% t# u u h u r7 a i aa% s-jda, 

l/TfflH/Tft6*lfc^5 2 0 At 

m©7;i'5z:^Ate©WMC±l3trab^}*T^b, 
lESaSrf^ofe. iEgbfi, IEga©±fC, o— Al 2 
O3 ff^SSlitm) 9 711%, 
t^n-7 3ll%ffli^TI^L.. *WtttI 
J$bTX5U— ftb^cfeWSr^bT^bTc:. dtl^. 
©iES, a, b£S£Jg, ^U^, W»rbiEffi->-h, 
a, bSf^ofe. IEg->-h©JS*te, IEg->— ha*s 
2 5 0/zm, IE®->— N b*J2 6 5 Mm-Cfe-Dit. ft® 
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19 



JB) tWfcB (*589H) ftfl^fc. «5^-h*J:t«E 
&is-h<D*ft?tmffiZ*:tl*n-y5-)^ 7Jl^x 

fc, BWctt»W*jE«->-h (8) > IS^JLtttfU^a 
tfl/>^^;WAir/tU-^- (-fc;i/#-F2 4 0 0) , 
BWcWtflF*»«5/- h (9) Sitf-fc/tl/-*- (1 

o) ©irawiu iin**ea*«T»»*ttK»inio 

bfco 

[0 0 6 1] ;ia>*ig*ftft8^***a«» 



i 

2 
3 
4 
5 
6 
7 
8 
9 

-1 0 : 
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bfco 1 LSfcDL i PFe tL i BF 4 *#*0. 9 
5, 0. 0 5mo W/» 1 X^U>*-^- 

2) fctfXfrvh (13) *frbT*>b»TH«S«tt 
*#«bfc. JESWP (1 2) ttJMS'-h 

(8) (1 1) ttftSS'-h (9) 

iBft^Ufc. ft*. (1 4) te£±#T$>So 
UtttJB) £««iB (#5€91) ^tiftil oa^fls 
j£b, lmA/cm2T4. 15V*T3te«bfc«, 6 0 

fflkB 



0. 
1 . 
1. 
0. 
0. 

1. 
1 . 

0. 
0. 
0. 



9 2 
0 2 

0 0 

7 8 
9 8 

1 2 
0 3 
9 1 

8 1 
.5.4 



4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 



[0 0 6 2] ^SS^J— 2 

SQfc*u<D«»A. Btrai;«ftft*n*n3 o om^ 

afESSU 4. 1 5VST^5«bfc. *«^A©«*©30 
[0 0 6 3] H««-3 

*61-Fft« lr> jttWJ— 1 £ l^flS&HifcSrfT'p fc t - 
g£«£09-4 

ffe&6t*J- 1 ©AS^- b b t jES$/— h a 
iS^?:^^T->-hJf 2 8 0 /imtbfelEly-hci: 

©lie D&ffl^r, mw- 1 tra«»*»*fT^ 

fc^^5, «fl&B[^1i^#^cottEEKT^ / >^<tt^ 
©gJlft^^^ofco fib. M8&«TO2C. Dtt) 
«»BJ;Dfc*r*^-fi;TbT^& 0 

5mA/cm2 <DtScm®M/ 1 mA/cm2 <D&«§g 

ms&B m?&E 

1 8 8 8 9 

2 8 7 8 9 



1 2 
1 0 
0 8 

0 9 

1 1 
1 3 
1 1 
0 8 

0 9 
11 

- 5 

1 0ftSa©±II, a-Al20 3 
m) 9 411%, BfJt^«»3SS%. fcJM**^**- 

;Hr;UD-^3S*%©«'&"eS'&b, zksafrtbT 

««EbT^9U-flSbfct>©S:ft*bTff«bfct)<DS: 

tmrnzftm b"&«»**ft-eft e £ b^o m?&E£:/8 
i iw«fr*s*a*»&n&. 

-6 

-l<Z)ftJSaCD±*C. a-Al20 3 ff^SiU 
94. 511%, #U7-yfte-Uf>4. 511 

TK&tttfrtbTfiaibTX^U-ftbfct)©*** 

^l«-KZ)iHIB, ^J£#J-5tf>«?&E. «fcF£* 
nftllOl^fiU 4. 15-2. 8V^il/ 
fc<h^ 5raA/cm2 TO&m^fii: 1 mA/cm2 

*s«j£b*©tt*«»fc. &*<Dtkn®m\tmi&B<D 

^fi£r 1 0 0 %<h bfct^COiJj^T^bfco 



m) 
U 



«*F 
8 1 
8 2 



12 



21 



22 



3 


9 0 


8 9 


8 2 


4 


8 8 


9 0 


8 2 


5 


8 9 


8 9 


8 1 


6 


8 8 


9 0 


8 2 


7 


8 8 


8 8 


8 0 


8 


8 9 


8 8 


8 2 


9 


8 8 


8 9 


8 2 


1 0 


8 8 


8 9 


8 2 




fi¥i3 1 0 0 


1 0 1 


8 9 



< . 5 nA/cm2 ©i&m&ft/ 1 mA/cm2 ©jfc^&Sfcfi 



1 ©ftffia©±C a-Al20 3 W9tt«l /t 
m) 9 311%. tStt#Il$B3S*%. jH'J7y<blf^ 

u-r>3a»%. *jv#*->^f ;wpd-7 
©su^-cis^u 7jc^#tbT?gMbTX7U— fku 

nmm- 1 ©i«a tra«©*ST?a**o*«i6 ut 

JP*2 2 5 /im©IBBK<>:U cnfclEgb £^tt©fitff20 

h- c ;&tffi@->- h d ±\z &mmn lgstonomg 

©U^CA^MSr@WttfCbTft5D#ft. jE«->- h d 

^©ifcW&Sktmft&GW^SSr 1 0 0%<hUfc££© 

5raA/W ©tt^S/lmA/cnr' ©K«§S 

ttffiG 30 

1 8 8 8 0 

2 8 9 8 1 

3 8 8 8 0 

4 8 8 7 9 

5 8 9 7 7 

6 8 9 7 8 

7 8 8 7 8 

8 8 8 8 0 

9 9 0 7 9 
1 0 8 9 8 0 

lmA/cm 1 ©ftS&S^ 1 0 0 7 5 



< , 5 mA/cm2 ©K«^S/ 1 mA/cm2 ©JfcftsgSKlM 
[0 0 6 4] 

x. m^m^mm^ *#&ifc«§»-e«#££tt© 

[^E©«S¥&IB9i] 

[01] *K«fc«flbfcH«!M»©*riIiHfc*Ufc 
fc©T&£<, 

[^©ifcSH] 

8 lEffiv'- h 

9 ftffi->-h - 

I 0 izrtl'—? — 

I I mmm 

1 2 **[}£ 
1 3 KT.'rv V 
1 4 
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[HI] 



